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AMENDMENTS TO THE CLAIMS 

The following listing of claims will replace all prior versions, and listings, of 
claims in the application: 

Listing of Claims: 

1 . (Original) In a gait generating device equipped with instantaneous gait 
generating means for sequentially generating an instantaneous desired gait 
composed of an instantaneous desired motion of a mobile robot and an 
instantaneous desired floor reaction force, 

a gait generating device of a mobile robot, comprising instantaneous desired 
motion correcting means, 

wherein if: 

all or a part of the mobile robot is expressed in terms of a model constructed 
of a plurality of elements, the elements being at least either rigid bodies having 
inertia or mass points; 

a placement of elements of the model determined according to a 
predetermined first geometric restrictive condition, which specifies the relationship 
between an instantaneous motion of the mobile robot and the placement of the 
elements of the model, from an instantaneous desired motion generated by the 
instantaneous gait generating means is defined as a first placement; 

a placement of the elements of the model determined according to a 
predetermined second geometric restrictive condition, which specifies the 



Page 2 of 20 



Application No.: 10/597105 
Amendment Dated: July 2, 2010 
Reply to Office action of: June 7, 2010 



relationship between an instantaneous motion of the mobile robot and the placement 
of the elements of the model, from an instantaneous desired motion generated by 
the instantaneous gait generating means is defined as a second placement; and 

a placement of the elements of the model determined according to the 
second geometric restrictive condition from a corrected instantaneous desired 
motion obtained by correcting at least either the position or the posture of a 
predetermined part of the mobile robot in an instantaneous desired motion 
generated by the instantaneous gait generating means is defined as a third 
placement; then 

the instantaneous desired motion correcting means determines the corrected 
instantaneous desired motion such that a moment component generated about a 
predetermined point by a resultant force of inertial forces of the elements calculated 
by regarding the difference in the placement of the elements of the model between 
the third placement and the first placement as acceleration is closer to a 
predetermined value than a moment component acting about the predetermined 
point due to a resultant force of inertial forces of the elements calculated by 
regarding the difference in placement of the elements of the model between the 
second placement and the first placement as acceleration. 

2. (Original) The gait generating device of a mobile robot according to Claim 
1 , wherein the instantaneous desired motion correcting means determines the 
corrected instantaneous desired motion such that a translational component of a 
resultant force F3 of the inertial forces of the elements calculated by regarding the 
difference in placement of the elements of the model between the third placement 
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and the first placement as acceleration is closer to zero than a translational 
component of a resultant force F2 of the inertial forces of the elements calculated by 
regarding the difference in placement of the elements of the model between the 
second placement and the first placement as acceleration, and a moment 
component acting about the predetermined point due to the resultant force F3 is 
closer to the predetermined value than a moment component acting about the 
predetermined point due to the resultant force F2. 

3 (Currently Amended) Ifna The gait generating device of a mobile robot 
according to Claim 1 equ i pped w i th instantan e ous ga i t g e n e rating m e ans for 
sequ e nt i a ll y g e n e rat i ng an i nstantan e ous des i r e d motion of a mob il e robot , wherein 

a gait g e n e rating d e v i c e of a mobil e robot compr i s i ng instantaneous dos i red 
motion corr e cting m e ans, 

wh erei n i f a l l or a part of th e mob i le robot i s e xpress e d in terms of a mod el 
construct e d of a p l ura li ty of el e m e nts, th o elements being at le ast ei ther r i gid bod ie s 
hav i ng i n e rtia or mass po i nte r 

a p l ac e m e nt of th o o l omonts of th e mod o l d o t e rm i nod accord i ng to a 
pr e d e t e rmin e d first g e om e tr i c rostrictivo cond i t i on, wh i ch sp e c i f ic s the r el ationsh i p 
b e tw ee n an i nstantaneous mot i on of the mobil e robot and th e p l ac o mont of the 
olo m o nts of the mod e l, from an instantan e ous desired mot i on gen e rat e d by the 
instantan e ous ga i t generat i ng m e ans i s def i ned as a f i rst placem e nt, and 

a plac e m e nt of tho o lo m o nts of th e modol d e t e rm i ned accord i ng to a 
pr e d e t e rm i n e d s e cond g e om e tr i c r e strictivo condition, wh i ch sp e c i fi e s th e 
re l at i onship b e twe e n an instantan e ous motion of tho mob ile robot and tho p l acomont 
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of th e el e m e nts of th e mod el , from a corrected i nstantaneous d e sir e d mot i on 
obta i n e d by corr e ct i ng at le ast e ith e r the posit i on or tho postur e of a pr e det e rm i n e d 
part of th e mob ile robot i n the i nstantan e ous d e sir e d motion g e n e rat e d by th e 
i nstantan e ous ga i t g e n e rat i ng means i s d e f i n e d as a s e cond p l ac e ment, then 

the instantaneous desired motion correcting means determines the corrected 
instantaneous desired motion such that a moment component acting about a-the 
predetermined point due to a- the resultant force of the inertial forces of the elements 
calculated by regarding the difference in placement of the elements of the model 
between the s e cond third placement and the first placement as acceleration 
becomes substantially a- the predetermined value. 

4. (Original) The gait generating device of a mobile robot according to Claim 
3, wherein the instantaneous desired motion correcting means determines the 
corrected instantaneous desired motion such that the translational force component 
of a resultant force of the inertial forces of the elements calculated by regarding the 
difference in placement of the elements of the model between the second placement 
and the first placement as acceleration becomes substantially zero, and a moment 
component acting about the predetermined point due to the resultant force becomes 
substantially the predetermined value. 

5. (Original) The gait generating device of a mobile robot according to Claim 
1 , wherein 

in the moment component related to the difference in placement of the 
elements between the second placement and the first placement, the component 
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originated from the difference between position A in the first placement and position 
B in the second placement of the elements of the model having masses is calculated 
from an angle formed by a segment connecting the predetermined point and the 
position A and a segment connecting the predetermined point and the position B by 
using a substantially monotonous function related to the angle, and 

in the moment component related to the difference in placement of the 
elements between the third placement and the first placement, the component 
originated from the difference between position A in the first placement and position 
C in the third placement of the elements of the model having masses is calculated 
using the monotonous function from the angle formed by the segment connecting 
the predetermined point and the position A and the segment connecting the 
predetermined point and the position C. 

6 (Original) The gait generating device of a mobile robot according to Claim 
3, wherein, in the moment component related to the difference in placement of the 
elements between the second placement and the first placement, the component 
originated from the difference between position A in the first placement and position 
B in the second placement of the elements of the model having masses is calculated 
from an angle formed by the segment connecting the predetermined point and the 
position A and the segment connecting the predetermined point and the position B 
by using a substantially monotonous function related to the angle. 

7. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1 , wherein the instantaneous desired motion generated by the 
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instantaneous gait generating means is determined using a dynamic model that 
represents the relationship between a motion of the mobile robot and a floor reaction 
force and is constructed on the assumption that the inertial force generated by a 
specific motion component of at least one or more specific parts of the mobile robot 
is substantially zero, and the model includes an element corresponding to at least 
one part of the specific parts. 

8. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1, wherein 

an instantaneous desired motion generated by the instantaneous gait 
generating means is determined such that it satisfies a desired floor reaction force or 
a desired ZMP on a predetermined dynamic model representing a relationship 
between a motion of the mobile robot and a floor reaction force, and 

the first and the second geometric restrictive conditions are set such that a 
value obtained by adding a predetermined steady offset to the difference between a 
floor reaction force counterbalancing with a resultant force of the inertial forces of 
the elements that are generated due to temporal changes in the placement of the 
elements of the model determined according to the first geometric restrictive 
condition from the instantaneous desired motion and a floor reaction force 
counterbalancing with a resultant force of the inertial forces of the elements that are 
generated due to temporal changes in the placement of the elements of the model 
determined according to the second geometric restrictive condition from the 
instantaneous desired motion substantially coincides with an error of a floor reaction 
force produced on the dynamic model by the instantaneous desired motion. 
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9. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1 , wherein 

an instantaneous desired motion generated by the instantaneous gait 
generating means is determined so as to satisfy a desired floor reaction force or a 
desired ZMP on a predetermined dynamic model representing a relationship 
between a motion of the mobile robot and a floor reaction force, and 

the first and the second geometric restrictive conditions are set such that a 
value obtained by multiplying the difference between the overall center-of-gravity of 
the placement of the elements of the model determined according to the first 
geometric restrictive condition from the instantaneous desired motion and the overall 
center-of-gravity of the placement of the elements of the model determined 
according to the second geometric restrictive condition from the instantaneous 
desired motion by the total mass of the elements substantially coincides with a value 
obtained by multiplying an error of the overall center-of-gravity of the dynamic model 
in the instantaneous desired motion by a total mass of the dynamic model. 

10. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1 , wherein the mobile robot is a robot comprising a plurality of 
legs or a plurality of arms extended from its body as a plurality of movable members, 
and the first geometric restrictive condition includes a condition in which any one of 
the elements of the model exists on a straight line parallel to a segment connecting 
a predetermined point in the vicinity of a distal end of each movable member and a 
predetermined point in the vicinity of the connecting portion of the movable member 
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that is connected to the body. 

1 1 . (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1, wherein the mobile robot is a robot comprising a plurality of 
legs or a plurality of arms extended from its body as a plurality of movable members, 
and the first geometric restrictive condition includes a condition in which the body 
and the movable members on the model are retained in a predetermined constant 
posture state. r 

12. (Original) The gait generating device of a mobile robot according to 
Claim 1 1 , wherein the predetermined constant posture is the posture in which the 
body and the plurality of movable members of the mobile robot are oriented 
substantially in the vertical direction. 

13. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1 , wherein the second geometric restrictive condition is set such 
that the placement of the elements of the model determined according to the 
condition from an arbitrary instantaneous desired motion of the mobile robot 
substantially coincides with the placement of parts corresponding to the elements in 
the robot following the instantaneous desired motion. 

14. (Previously Presented) The gait generating device of a mobile robot 
according to Claim 1 , wherein the mobile robot comprises a plurality of legs or a 
plurality of arms extended from the body as a plurality of movable members and also 
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has flexible joints at middle portions between the connecting portions of the movable 
members that connect to the body and the distal ends of the movable members, and 
an instantaneous desired motion generated by the instantaneous gait generating 
means is determined using a dynamic model that represents a relationship between 
a motion of the robot and a floor reaction force and the dynamic model is 
constructed on the assumption that the inertial forces produced at or near the middle 
portions of the movable members due to bending motions of the movable members 
are substantially zero, the model being a model that contains, as an element, a 
mass point associated with at least the middle portion or a portion near the middle 
portion of each movable member. 

15. (Original) The gait generating device of a mobile robot according to 
Claim 14, wherein the first geometric restrictive condition includes a condition in 
which a mass point associated with the middle portion or the portion close thereto of 
each movable member of the elements of the model exists on the segment that 
connects a predetermined point in the vicinity of the distal end of the movable 
member and a predetermined point in the vicinity of the connecting portion of the 
movable member that links with the body, and the second geometric restrictive 
condition is set such that the placement of the elements of the model determined 
according to the condition from an arbitrary instantaneous desired motion of the 
mobile robot substantially coincides with the placement of parts corresponding to the 
elements in the robot following the instantaneous desired motion. 

16. (Withdrawn) In a gait generating device of a mobile robot, comprising an 
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instantaneous gait generating means for sequentially generating an instantaneous 
desired motion of a mobile robot that is equipped with a plurality of legs extended 
from its body and has a flexible joint at a middle portion between a connecting 
portion of each leg that connects to the body and the distal portion of the leg, the 
instantaneous desired motion being generated by using a dynamic model that 
represents the relationship between a motion of the robot and a floor reaction force 
and is configured on the assumption that the inertial force produced at or near the 
middle portion of the leg due to a bending motion of each leg is substantially zero, 
a gait generating device of a mobile robot, further comprising instantaneous 
desired motion correcting means that corrects an instantaneous desired motion such 
that, when generating a gait in which the joint of the middle portion of each leg is 
bent to reduce the length of a segment connecting a predetermined point in the 
vicinity of the distal portion of each leg and a predetermined point in the vicinity of 
the connecting portion of the leg that links to the body so as to protrude the joint in 
the direction intersecting with the segment at least from a state wherein the robot is 
in an upright posture state or a state of posture close thereto, the position of the 
connecting portion between the body and each leg is changed from the position of 
the connecting portion determined by an instantaneous desired motion generated by 
the instantaneous gait generating means to substantially the opposite direction from 
the direction into which the joint of the middle portion of the leg protrudes, and also 
the position of an upper end relative to a lower end of the body is changed from the 
position of the upper end relative to the lower end of the body determined by an 
instantaneous desired motion generated by the instantaneous gait generating 
means to substantially the same direction as the direction into which the joint of the 
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middle portion of the leg protrudes. 

17. (Withdrawn) In a gait generating device of a mobile robot, comprising an 
instantaneous gait generating means for sequentially generating an instantaneous 
desired motion of a mobile robot that is equipped with a plurality of legs or a plurality 
of arms extended from the body as a plurality of movable members and also has 
flexible joints at middle portions between the connecting portions of the movable 
members that connect to the body and the distal portions of the movable members, 
the instantaneous desired motion being generated using a dynamic model that 
represents a relationship between a motion of the robot and a floor reaction force 
and the dynamic model is constructed on the assumption that the inertial forces 
produced at or near the middle portions of the movable members due to bending 
motions of the movable members are substantially zero, 

a gait generating device of a mobile robot, further comprising an 
instantaneous desired motion correcting means for correcting a desired 
instantaneous motion by determining the correction amount of at least either the 
body position or the body posture of an instantaneous desired motion generated by 
the instantaneous gait generating means according to a feedforward control law on 
the basis of the bending angle of the joint of the middle portion of the movable 
member, and then correcting at least either the body position or the body posture of 
the instantaneous desired motion on the basis of the determined correction amount. 

18. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 17, wherein the movable members are legs, and the instantaneous desired 
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motion correcting means determines the correction amount such that the body 
posture of the instantaneous desired motion is further inclined forward and the 
position of the overall center-of-gravity of the mobile robot, excluding the plurality of 
movable members, is further displaced backward, as the bending angles of the joints 
of the middle portions of the movable members increase. 

19. (Withdrawn) In a gait generating device of a mobile robot, comprising an 
instantaneous gait generating means for sequentially generating an instantaneous v 
desired motion of a mobile robot that is equipped with a plurality of legs or a plurality 
of arms extended from its body as a plurality of movable members and also has 
flexible joints at middle portions between the connecting portions of the movable 
members that connect to the body and the distal portions of the movable members, 
the instantaneous desired motion being generated using a dynamic model that 
represents a relationship between a motion of the robot and a floor reaction force 
and the dynamic model is constructed on the assumption that the inertial forces 
produced at or near the middle portions of the movable members due to bending 
motions of the movable members are substantially zero, 

a gait generating device of a mobile robot, further comprising instantaneous 
desired motion correcting means for correcting a desired instantaneous motion by 
determining the correction amount of at least either the body position or the body 
posture of an instantaneous desired motion generated by the instantaneous gait 
generating means according to a feedforward control law on the basis of the relative 
positions of a segment connecting the predetermined point in the vicinity of the distal 
portion of each movable member and a predetermined point in the vicinity of a 
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connecting portion of the movable member that connects to the body and the center- 
of-gravity of a link connected to the center of a joint at the middle portion of the 
movable member or to the joint in the direction for intersecting with the segment, and 
then by correcting at least either the body position or the body posture of the 
instantaneous desired motion on the basis of the determined correction amount. 

20. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 19, wherein the movable members are legs, and the instantaneous desired 
motion correcting means uses the distance between the segment and the center of 
the joint of the middle portion of the movable member or the center-of-gravity of the 
link connected to the joint as the relative position, and determines the correction 
amount such that the body posture of the instantaneous desired motion is further 
inclined forward and the position of the overall center-of-gravity of the mobile robot, 
excluding the plurality of movable members, is displaced further backward, as the 
distance increases. 

21 . (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein the instantaneous desired motion generated by the instantaneous 
gait generating means is determined using a dynamic model that represents the 
relationship between a motion of the mobile robot and a floor reaction force and is 
constructed on the assumption that the inertial force generated by a specific motion 
component of at least one or more specific parts of the mobile robot is substantially 
zero, and the model includes an element corresponding to at least one part of the 
specific parts. 
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22. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein 

an instantaneous desired motion generated by the instantaneous gait 
generating means is determined such that it satisfies a desired floor reaction force or 
a desired ZMP on a predetermined dynamic model representing a relationship 
between a motion of the mobile robot and a floor reaction force, and 

the first and the second geometric restrictive conditions are set such that a 
value obtained by adding a predetermined steady offset to the difference between a 
floor reaction force counterbalancing with a resultant force of the inertial forces of 
the elements that are generated due to temporal changes in the placement of the 
elements of the model determined according to the first geometric restrictive 
condition from the instantaneous desired motion and a floor reaction force 
counterbalancing with a resultant force of the inertial forces of the elements that are 
generated due to temporal changes in the placement of the elements of the model 
determined according to the second geometric restrictive condition from the 
instantaneous desired motion substantially coincides with an error of a floor reaction 
force produced on the dynamic model by the instantaneous desired motion. 

23. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein 

an instantaneous desired motion generated by the instantaneous gait 
generating means is determined so as to satisfy a desired floor reaction force or a 
desired ZMP on a predetermined dynamic model representing a relationship 
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between a motion of the mobile robot and a floor reaction force, and 

the first and the second geometric restrictive conditions are set such that a 
value obtained by multiplying the difference between the overall center-of-gravity of 
the placement of the elements of the model determined according to the first 
geometric restrictive condition from the instantaneous desired motion and the overall 
center-of-gravity of the placement of the elements of the model determined 
according to the second geometric restrictive condition from the instantaneous 
desired motion by the total mass of the elements substantially coincides with a value 
obtained by multiplying an error of the overall center-of-gravity of the dynamic model 
in the instantaneous desired motion by a total mass of the dynamic model. 

24. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein the mobile robot is a robot comprising a plurality of legs or a 
plurality of arms extended from its body as a plurality of movable members, and the 
first geometric restrictive condition includes a condition in which any one of the 
elements of the model exists on a straight line parallel to a segment connecting a 
predetermined point in the vicinity of a distal end of each movable member and a 
predetermined point in the vicinity of the connecting portion of the movable member 
that is connected to the body. 

25. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein the mobile robot is a robot comprising a plurality of legs or a 
plurality of arms extended from its body as a plurality of movable members, and the 
first geometric restrictive condition includes a condition in which the body and the 
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movable members on the model are retained in a predetermined constant posture 
state. 

26. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 25, wherein the predetermined constant posture is the posture in which the 
body and the plurality of movable members of the mobile robot are oriented 
substantially in the vertical direction. 

27. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein the second geometric restrictive condition is set such that the 
placement of the elements of the model determined according to the condition from 
an arbitrary instantaneous desired motion of the mobile robot substantially coincides 
with the placement of parts corresponding to the elements in the robot following the 
instantaneous desired motion. 

28. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 3, wherein the mobile robot comprises a plurality of legs or a plurality of arms 
extended from the body as a plurality of movable members and also has flexible 
joints at middle portions between the connecting portions of the movable members 
that connect to the body and the distal ends of the movable members, and an 
instantaneous desired motion generated by the instantaneous gait generating 
means is determined using a dynamic model that represents a relationship between 
a motion of the robot and a floor reaction force and the dynamic model is 
constructed on the assumption that the inertial forces produced at or near the middle 
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portions of the movable members due to bending motions of the movable members 
are substantially zero, the model being a model that contains, as an element, a 
mass point associated with at least the middle portion or a portion near the middle 
portion of each movable member. 

29. (Withdrawn) The gait generating device of a mobile robot according to 
Claim 28, wherein the first geometric restrictive condition includes a condition in 
which a mass point associated with the middle portion or the portion close thereto of 
each movable member of the elements of the model exists on the segment that 
connects a predetermined point in the vicinity of the distal end of the movable 
member and a predetermined point in the vicinity of the connecting portion of the 
movable member that links with the body, and the second geometric restrictive 
condition is set such that the placement of the elements of the model determined 
according to the condition from an arbitrary instantaneous desired motion of the 
mobile robot substantially coincides with the placement of parts corresponding to the 
elements in the robot following the instantaneous desired motion. 
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